ABSTRACT Steady, laminar, mixed convection flow was considered in an inclined lid-driven rectangular enclosure heated from one side moving with a constant speed and cooled from the stationary adjacent side while the other sides are kept stationary and adiabatic. The governing equations were solved numerically for the stream function, vorticity, and temperature ratio using the differential quadrature method for various Reynolds, Grashof, and Richardson numbers as well as different aspect ratios and inclination angles for the enclosure. The results show that the motion of the side wall, the aspect ratio, and the inclination angle of the enclosure had significant effects on the flow and temperature fields. 
Thermal diffusivity of the fluid In the literature, there is a wide range of investigations into flow and convective heat transfer in rectangular or square enclosures driven by buoyancy and shear. Torrance et al. [1] obtained numerical solutions for the velocity and temperature fields in an enclosure with a moving top wall that is either heated or cooled.
Mohammad and Viskanta [2, 3] made experiments and three-dimensional unsteady numerical simulations to study natural and mixed convection in a shallow rectangular enclosure heated from below and cooled from above, and they found that the lid motion has a significant effect on the flow and thermal structures in the enclosure. Monsour and Viskanta [4] carried out an experimental study to investigate mixed-convection heat transfer in a narrow, vertical enclosure where the shear force is produced at the left side of the enclosure by a belt moving upward while the left wall is cooled and the opposite wall is heated. They used three-and twodimensional laminar models to analyze the problem theoretically. Iwatsu et al. [5] investigated the flow and heat transfer of a viscous fluid contained in a square enclosure due to an externally-applied vertical temperature gradient as well as the motion of a top horizontal wall that slides in its own plane at a constant speed. Hsu et al.
[6] numerically investigated the laminar mixed convection flow of micro polar fluids in a square enclosure.
Many investigators have studied the combination of heat and mass transfer in lid-driven enclosures.
Alleborn et al. [7] numerically investigated the configurations of steady two-dimensional flow accompanied by heat and mass transfer in a shallow lid-driven cavity. AI-Amiri et al. [8] studied steady mixed convection in a square lid-driven cavity filled with an incompressible Newtonian fluid that operated under the combined buoyancy effects of thermal and mass diffusion. The results of this work illustrate that the heat and mass transfer characteristics inside the cavity were enhanced for low values of the Richardson number due to the effect of the moving lid.
Kuhlmann et al. [9] numerically and experimentally studied steady flow in rectangular two-sided liddriven enclosures and showed that the flow field for low Reynolds numbers contained two eddies adjacent to the moving walls. Aydin [10] numerically investigated the laminar mixed convection flow of air induced by the movement of the left wall and the differential heating of the vertical walls ofa square enclosure. Aydin and Yang [11] numerically investigated the laminar mixed convection flow of air in a square enclosure due to the movement of the side walls and a centrally located heat source at the bottom wall. Guo and Sharif [12] investigated laminar mixed convection flow and heat transfer in a rectangular enclosure with a constant heat flux from a partially heated bottom wall while the isothermal side walls moved downward with an equal and constant speed. Oztop and Dagtekin [13] numerically studied the flow and heat transfer in a differentially heated square enclosure with moving side walls and adiabatic horizontal walls. Sharif [14] numerically studied the laminar mixed convective heat transfer in two-dimensional shallow rectangular driven cavities with an aspect ratio of 10.
The previous studies of laminar mixed convection flows in heated enclosures with a moving wall clearly
show that the motion of the wall and the imposed temperature gradient determine the flow patterns and influence the rate of heat transfer. Generally, square cavities with reciprocally moving side walls heated in various manners while the other walls were kept stationary and adiabatic were studied, but inclined rectangular cavities with moving adjacent side walls heated in different manners are not included in the literature. Ece and Buyuk [15] also studied the laminar natural-convection flow in the presence of a magnetic field in an inclined rectangular enclosure heated from one side and cooled from the adjacent side. Ece and Buyuk [16] numerically studied steady, laminar, natural-convection flow in the presence of a magnetic field of an arbitrary direction in an inclined rectangular enclosure with isothermal vertical walls and adiabatic horizontal walls.
The main object of this study is to obtain numerical solutions for the velocity and temperature fields inside the enclosure and to determine the effects of the movement of the hot vertical wall, the aspect ratio, and the inclination angle of the enclosure on the transport phenomena.
Basic equations
Steady, laminar, mixed convection flow was considered in an inclined rectangular enclosure with moving side walls heated from one side and cooled from the adjacent side with the other walls remaining stationary and adiabatic. Dimensional coordinates were used with the x*-axis measuring along the bottom wall and the y*-axis being normal to it along the left wall. The geometry and the coordinate system are schematically shown in Fig. 1 . The angle of inclination of the enclosure from horizontal in the counterclockwise direction is denoted by <j>. The right side and bottom walls are insulated and the fluid is isothermally heated and cooled by the left side and top walls at uniform temperatures ofT I and To, respectively. The hot vertical walls are also allowed to move at a constant speed.
The dimensionless variables used in the analysis were defmed according to
Here g is gravitational acceleration, Hand L are the dimensional height and the length of the rectangular enclosure, respectively, 0 is the aspect ratio, U is the speed of the hot vertical wall of the enclosure, u* and v* are the dimensional velocity components in the x* and y* directions, respectively, p* is the dimensional pressure,
and Po is the density of the fluid at temperature To.
A dimensionless stream function and vorticity were defined as follows, 
Re= ULPo Il where /.l is the viscosity, f3 is the coefficient of thermal expansion, and a is the thermal diffusivity of the fluid. 
The boundary condition given by Eqs. (9) and (10) may also be expressed in terms of the stream function. It is taken to be \11=0 at the solid boundaries [13] :
The solution of Eq. (6) 
where 11 is the outward coordinate normal to the surface.
Numerical scheme
The dimensionless governing equations were solved for stream function, vorticity, and temperature ratio using the differential quadrature method originally proposed by Bellman et al. [18, 19] . The basis of the method is to assume that the unknown functions can be locally approximated as polynomials. The first and second order partial derivatives of a two-variable function F(x, y) at a point (Xi, Yj) can be approximated as The stream function, vorticity, and temperature ratio were assumed to behave as 4 th degree polynomials in both Xand Ydirections with N=5. A numerical mesh size ofh=O.OI was used in both directions to ensure accuracy. The velocity components at each mesh point were determined by differentiating the stream function using the expressions for the fIrst order derivatives given by Eq. (15) at each stage of iteration. Vorticity at the walls of the enclosure was determined by evaluating Eq. (14) at each wall. The differentiation was carried out using the expressions for the second order derivatives given by Eq. (16). Iterations were stopped when the absolute values of the differences between successive solutions for stream function, vorticity, and temperature ratio at each mesh point were less than 10-
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Results
The inclination angle of the enclosure was chosen to be -45°,0°, and 45°to vary the orientation of the temperature gradient with respect to the direction of gravity. The aspect ratio was chosen to be 0.5, 1, and 2 to represent a shallow, a square, and a tall enclosure, respectively. Numerical computations in the present study were carried out for Pr=I, which is an approximate value for most gases. The magnitudes of the Grashof, 
Average Nusselt numbers can be obtained by the integration of the local Nusselt number along the side wall of the enclosure:
The average Nusselt numbers for left side wall motion (buoyancy-aiding side wall motion) are listed in Table 1 . As the side wall moves faster, both the shear stress and the circulation increase and the average Nusselt Table 2 . Here, U max and V max denote expected to be accurate to four digits.
Conclusions
The present study considers laminar, mixed convection flow in an inclined rectangular enclosure heated from one side wall that moves with a constant speed and is cooled from the stationary adjacent side while the other walls are kept stationary and adiabatic. The flow characteristics and convection heat transfer inside the tilted enclosure depend strongly upon the temperature gradient, movement of heat through the wall, the inclination angle, and the aspect ratio of the enclosure. Heat transfer decreases with increasing Ri number.
Generally, the average Nusselt number is less for the case of an inclined enclosure when compared to the case when it is not inclined.
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